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(54) BODY FAT MEASURING DEVICE 

(57)Abstract: ' ^^>i*p^'^-"<r<^ 

PROBLEM TO BE SOLVED: To recognize the ' Q ) 

quantity of fat present inside a human body by ' (' 

estimating the quantity of the fat around the body ^ '^^^ 

surface and the location and quantity of this intra- ^-^^^^ _ 

corporeal fat with an inexpensive and easy device as o 
easily as observing the cross section of the human ^ ^ _ m _ 

body. '""Np 

SOLUTION: The impedance value of the intra- / >' j \ 

corporeal tissue is obtained based on the impedance ' / 

value of the subcutaneous tissue on the body surface ' ^ 

in an arbitrary section of a human body and the , '^^-^^ — iff— 

impedance of the section tissue consisting of the ' . w\ 

subcutaneous tissue on the body surface and the * K^"""^Br'^"---?^ 

intra- corporeal tissue in the arbitrary section. ^.^"^ ^^^^ 
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.'055 9 - 1 7 3 2 9-§-^>fR{lf5«iC0='>t'^-^ • 
1 fliOiS® «b ^ t> CO <!: L fc:^'g^{c*5<t S 

' \:.fz.mtLb(Dm'k\z^^xm%.^t^\u'^r>fz,^i^\i^—¥ 

M ^ it T n (7) SiJ-g^ ( :i L fc Ji/^ o T ^ JfMi" 6 ct ^ 
[ 0 0 0 3 ], LTi^L. :i(7:>;^^r'(i. \6cD.n.mzMy^ 

X 1 4 5 6fic?:)m{izBy^^^f 9i^^^>i>^feoT?8!j^B#rBl<!: , 
UT 1 4 5 ef^l'^^^i-^C.hCl/^i^^ CP\3^m,^%±. 

[0 0 0 4'] ^z.x\ z.cD^ofsif^m.^Azm^\lfzij(r) 

tx^x. ^WiW-e-x ^ s^<ikm\ziito\^x\±. ^it^-wi 
^^mmzwML. ^m^-mmmimMizx^xmi'^M 
X. m'^LtzmiiL(ommx's^^ff^n-:>x^mm^i>z>^^^ 
, mf&^ixtih<of>mm^tix\^^^^ z(Dijmzj;im'£. 
■ 7L hMz t # \zmi%mM\z^^'r7^n.mB^^mmz'^ 

< . tmmm^iKm{zm'i^-r^z,tt^x^^t\^^o^\\M. 

[0 0 0 5] iitz. ^m^mU 59- 1 7 3 2 9 

\zmm.<Dh<Dtmmm'^wM\zm-^<^mt\^x. 'm 
f^w-i Q 9^<ikmzum.(r>h(ot-h^. z(D<Lkmz 
tesst^RWi^, wmm^<D^^±.\zm,^m^im.\^fzmm 
mm^i:m^mx,x. mm\ -m^ \ z 5 nM:mk ^mit^ 
it, mmm±izm^mMmi^fzmEE\p.i^!^mm^^^mi^^ 
ti^^^m^<Dm&^^^\zmm^^i^fziks ^gcirjcor 

[0 0 0 6] ^ibCl, ^mW^l 1 - 1 1 3 8 7 0-^<i5r^ 
*Dj:t>'i|#§Tl^l 1 - 1 2 3 1 8 2^'<^M{Z^^^Xi:^. 

nri^-Sc mz. ^mw-i 1 - 1 1 3 8 7 o-^-^/^mzt^ 
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[0 0 0 8] 1 - 1 1 3 8 7 0^<Z^fR:fS 

x.u^mW'i 1 - 1 2 3 1 8 2^</^m^tm(D:^mx^ 

Tt^i^Oir'OiZZ t'(Dm^(Dnm&:^'^^^LXl^^/)\ 

ztih'itB^^mxit. 'f^M:tLX}^mmmmh^Tmm 

[0 0 0 9] fsiif6. {■^(Dm^m\z,-^i£'r ^^m-nmcoitLm. 
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[0 0 12] tie^tecoX^^CT^coJiJft 

mm.\^^-:^xw^^nj^Tm^(ommm t't<Dp^u\z^ 
.{z^\^^xit^(D^&iiLmtmt^m'^i^. i^.i^-r^ri: 

X^^o' 

[0 0 1'3] ;^^P^tC*Dl^T. But£f4^^ffilffiJ^Ta^*:J 
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[0 0 16] ^ti. ifiI5»l^®lfRJST^^^<^^>t-i5^ 

[0017] tfitef^i^'amss^o^ >^}i'-y>^:^mn. w 
mmmtm^ x m^mmmiKDm^commi^yi^ft l r ^ 
m^^M ^±m\^^x mm^is j: m'imm. yy^^ ms^f: ^ 

s§fr>c+iS^'ttr. ^^{i^comm^i^^'i ^mit^^'^^^'^ 
mh\^ L X i- -5 ^ ^ ^^^^^ 15: ( t b ^ ^ L 

[0 0 18] CCOitJ^. Suie^7r:#l^{i-. Btjffif*^^®^ 
[0 0 19] 

Z1 = z01 + z124-z23+e3 
Z2 = z45 + z56 + 2674-27 

^7t> (El 3 (a) (m5:^$ix^^^ffilHlS§{::*5ft^-&iS 

' '^Z • I = E 
yiffL. ZItZx. Zl. Z 2 00M^UlH]?^{Cjo[t5'^/75c 

l/'Z=l/Zx + lXZH-l/'Z 
[0 0 2 4 ] (2) 5tJ:»'J Z(7:'fiI(lZ = E/ I /J^^^lti^ 

en. (3) sCJ:*:^ z = z 1 • z 2 • z (z i 

•Zx + Z2-Zx+Zl-Z2) -e*>67!)^6, 2 x 

Z X = Z 1 • Z 2 • Z/ {Z 1 • Z 2 

[0 0 2 5] z x(::(imi^A0-A4(^*-lp](c{*^S)]i 
fl:^^ co;?^ ( z ^ i" -5 t"— ^ m^'i i-*d o x 
^/^e<^"C^ ma (b) fc^^ix^ J: 9fcm^A0. A 4 
Z i =Z X- (Z 3 + Z4) 

[0 0 2 6] ^rT% tUS^ i^'>;^Z 3:fectW^ 

E^Vt'— yv-J^Z 4(i. mi^AO. A4i5{^C0-r ^-t' 

Z3=(a/n) • (z01 + z70 
Z4= (1/n) • (z 34 + z 4 5 
[0 0 2 7] ^f-. ^<50J:9f^LT^#•6n7t^]^5joo1tlrr® 

{c J: -<> ^' > ^ orm-^'i^^^ <^ X Jig C T J: 6 PJ^ 
t j = p • z i 



.'[0 0 2 0] imi m^M) m 2 11. :2t^igp.^om 1 s^s 
[0021], hitj^oj: wmi.fc\^^m(Dmm^(Dm 

Hi^ft 8{i<7:>milAO~A '^LT. PfT) 

<^A0 ^milA4 t^ii^WlCL^^''^Wir:fe*(C2^ 

[0022] r!:ix\ ^m^A0--A7^mii^LM^tM 

^i).- StsBAO-A 1 r^l, Al-A2rp1. A2-A3r0l, , 
, A 7 -AOrelcD-^n^'nil— S:m»?Ci^?i?ELX=&m 

mr^(D>(>^'—y>'y^^m\'^L.mzoi, zi2. z 

2 3, z 7 o^#7tt)i^<i:i-'5o i^<7),m^ 
^i*A^x>pf'f^-r^ 2o(7)mi2eAo. A4(DrBi(c— ^m?jT[ 

I^^jftL. rnemeiAO. A4rBl(^ll^i-'2)mEE$r, 
-^rti-t'timil A 0 ^ ctr/mt^A 4 i7:>i5{?(Ct^E LTtmEE 

[0 0 2 3] ^$^^J^Tfli^*5^(:lol^r<?:>2 5)'^nfc-r 

V-t'— :/>;5!.Z 1 , Z 2liiS5;^T'^$iX^o, ■ 

4 

'0 • (1) 

• ' (2) 

2 (3) 
it. gJ£l:-acofflz 1 . Z2. Z^^i>r*st(cj: t^^lti^b 

- Z (Z 1 + Z 2) } (4) 

(cio(t'5f*^«MiB^ii-r >'b'-i$''>>^^-^n^'nz 3. 

(5) 

mCX^i^^h(Oti'^o -^-^S^io-h. Z3. Z4i 
n^m\^^X}k^{zxm^i%^o 
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[0 0 2 8] ^tz. f$fl^l^flifl^®-r ^t'-i^^^^^Z i 

{is C T miPMcom'&'f— ^t^h f*:|l^®i50^{>i^U, 

O::^ t ^ d J: o r 3 fe7i»- bUfe* T*col5®6*)?^.^iS«J5fe«- 

(0 0 2 9 ] :$:^J5iiif^iJ(riol>T{i. mtlA 0 - A 4 
tlA 1 -A 5 0:^r^s ®11A 2 - A 6<75;^rS], mi^AS 

[0 0 3 0] %fz.. if^-%mm\:^^\i^x\%. f*^®^T.m 

Z = E 1 • (R s XE 2) 

[0 0 3 3] :$:^JSi?'ji::*3i>T(i. > t'— ^'v;^ ^PJ 
:^i-6o(c4ir^^^ffi'^^i'\ — >pf(omt^^:Sm??fL^ L< 

^^^^.^{^^^^,^ V t'-i/>;=< ^Tif r 2 i^^fetcT 

[0 0 3 4 ] ^tz. mn^^ ^^'-y^y^tmmmmco^ 

[0 0 3 5 ] ^7t. 2mm(oMw.m^^^'t^mM.it^- 
»mm:.M:k.^onM.\t^{^m\^x. w 

<D{t^o^-)j^m^R\^xmm:i-^'K.h X o LX'b^i^v 

mM\^^X'i. 0 0 k H z a±^Of^/^l^^^^^^''^*J*?i'^^ 



(1) 5<:(Dz 0 l — z 7 0(7:>#M(^^T(ii6^ J: 9 (-1" 

?|j L fcfliB*^ i5oi¥;^(7)M ^ (7:» ^ ^ -rn (1'^ V ^, 

[0 0 3,1] *IISi<?'J(^:J5^^Tfi. nMA0-AAfi\(O 

yvy^Z x$r*i^5cou. wjJxbmSAO -A I, 

Mm\^A 0 , A 4 C0ia{^(lI3:(t'^1:iE?M'i^l:ffi^ A 0 

1, A4i^L, m^Ao. AO 1 t$Lmt<Dr^(Dm^. 

Vt'— :^V:^^-^tL-t'nZ a , Zal^L. mt^A 

4. A4 1 <i:;Sj®<!:<^rBicD^gft^-r vt'-i/^^^^^n-^- 
tLZ b., z b 1 <t-r^o ^fz. m.mAo i tA4i t<D 

2<^:i-^<!:. mffia]^{w*Sl/^T{i(5ct /vct't^^f&feiZ a 
1 <!: Z b 1 tc1;?5S^^)^$?t^»/^J: 9l::^n^cor% Zl, 

zx, z2(Dm^mm\B}mcomiJ^(Dm.j±iyEiizA^^o 

[0 0 3 2] ctoX. lElg§/l:»?Ln5m?j?L^ 1 X ti-^ 
t.Z'lx = Eltti:y). Ix(iIx = E2 yn s ct 

(8) 

n.mnmB^^(r>m^mWi (technical re 

PORT OF lElCE. MBE94-49, 1 9 

9 4- 0 7) l;IfR^^nt:v^5o 

[0 0 3 6 ] {m2mMm) me (a) i^. ^^m(Dm 

(b) 'ii. m2mmi^M^^^^xmco^mm(Dmmi^^^ts 
ixhrnm^yr^-i-m^m. me (c) it.' me (a) (r>Pt 

[0 0 3 7 ] *:*Mi0-'jlC^*l^'C{i. 1116 (a) {Ztt^^^ 

mi:^'-M^^n. i^^\^mmm2. 3, 4t'^3mm^':^^ 

ii2. 3, 4a:»|]ift^S(0^'a^i/>^^*i^^:*rS^S:lf^i-'^ 

[0 0 3 8 ] ^mmi^^ixi-x. •^'rwmmmm±<D3^<D 

ffi.#.A, B. Ct»\^i,U^M^LfzO,^.t<D^mm^i^A 
0 = B0=C0i:^*^'5 J: ^ ^^S.'^.A, B. C^^is^. r. 

ixh^.^^A, B, c(cm^ifL^:^Dmt^<tm/i7i'j^m^^- 

MToI^gi-'5c ^(-^ MJISA-B, B-C. C-A^ 

zixhA-Bm, B-cr^i c-Ar^^^hi:^^^. 

li'3^^^LrfHl>PfA 2, A3. A4;B2, B3. B 
4 ;C2. 0 3, CA^^'tl't'tlW'f^o ^Ji^. ^tL>b 



(6) 



i|tr^2 0 O'l - 2 8 6 4 5 2 



{1. me ( b ) (Dm^ 5 icr TT^^k^ J: ^ i^. fl^'i^sa;^' 

[0 0 3 9] m®A-A2m. A2-A3rBl. A 3 - A ' 
4 Tel. A 4 -BMco^^^^'^^(-^^?/^^^i^^UT^^^^'< 
Rl=zal+za2+za3+ 
R2 = 2bi + zb2+.2b3-f 

R3==Z|Cl + zc2+zc3 + 

1 0 0 4 0 ] ^mmim:^:^^n ^m<oi^mm\:i^i%h^M 
\s}^itme (c) iZTjk^ix^tis^x^h^o z(Dm{:i^ 

V^T, Ra, Rb.' R c (i^n-etLA,#.'. B#s, C^.J:. 

Ra = (I y n} ' z a 

R b = ( 1 / n ) • z b 

Rc=(l/n) ' z c 

za = 2al + zc4 
2b=za4+zbl 
z. = z b 4 + z c 1 

[0 04 1] tJJ^d. m(bf*:^®aS»CO;STflg«^>f 
-y>';^Ra. Rb. R c^^tsi^^^J^mmm^ >'^''— 

y^^Ti, r2. r 3^?^ti^^;^^5fe{::o^/^rI^^.P^i- 

m7 (a) me (c) COlBliP§^fi?WL^V>?f^ 

[0 0 4 2] rcoi] 7 ( a )' (Cjol/^T, ^i". M^A- 

Ia = I" (il+i2) . 
.Ib=l-(il+i3) 
Ic==Ia-Ib=i3-i2 
r r T% i 1 , i 2, i 3(i. 
i 1 = V 1 /R 1 
i 2 = V 2/R 3 
i 3= (V 1 -V2) /R 2 

F^mSla, lb. \ c h^^^^^tfj^X^ 

®Ia-rl+Ib-r2=Vl 
© I a, • r 1 + I c • r 3=V2 

L/j-L^^/p^b. (14) ^(c J: ':)^^tt5iSAz:^m5^(^ 
^C0|gc;!>5 2T\ ^m;6^3T'fe'5fc*!), rl, r2. r3 

[0 0 4 4] -^wT'. E17 (b) ct ^ 4" 

i(g(imi^B-crp1i::Rtiie<bfp]i:filO— ^^^7E I ^^iL. 

®J a • r 2 + J b • 1- 3=U 1 
®Ja-r2 + Jc -1-1=02 
[0 0 4 5] (14) ^(DCD-^X^). 



ti"— y :^ ^ ^iX^ZX zal, za2. za3, za 
At\.i mm\Z.. mMB-B2m. B2-B3re1, B'S 

fz^'^M'—ifl^P^^^iX^tlzhl. zb2, zb'3, 
z b-4 <t L.' ®®C-C 2rBl. C2-C3fp1, C3-C 
4 Pel. C4 - Arp1(7)-t^X-€tLiC^m?jfL^«tLT*:i67t^ 
>^fc'— ^>';?5.i^-^tl-?:':^X z c 1 , zc2, zc3, zc 
Ati'^t. A-BPbI. B-CPb^. C-ArBlCD^;!X-^'n 
(7:>-l'>t:'-^y>-;^R 1 , R2, R 3(i^x^T^^n^c 



z a 4 
z b 4 

z c 4 



(9) 



(1 0) 



(11) 

XWmL. -^rn-etLVl. V 2^t#rc<!:i--5<i:\ m^C 

-BfBiom^i^i^v 1 -V 2 ^/.c^o i^\^mwz'M 

niAtrmflfL^ Ur. -f ^-t'-^Vx^ r 1 . r2. r 3(C 
^n-Sm^^-^tl^'Hl a. lb, I c ^ L, jSTflifl^ 

^^^-O- t'^^'^^R 1 , R2, R 3 Cl^ifEn^ll^jfL^ 
•^n-^:'tti a. i b. i ct^-^t. ft:^/^/^^ «:) Slo,, 



(1 2) 

(13) 

[ 0 0 4 3 ) — ^l^miJTt I a . lb. IctlctoT 

(1 4) 

Pel. m^A - cm<D^ti't^ti(DmiiL^(om'^'i^Wct^^'tti 

•^'tbUl, U2. U 1 -U 2r'^ofci: {$rt-<^^t:* 
— ^'>y^T2, r 3, r 1 ^Sn^SSS^ J a . Jb, 



I b • r 2 - 1 c 
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r 3 = V 1 -V 2 
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sac:. 
(14) ^(D<2)^ ^) 



r 2 = (VI -V 2 4- I c 



I a • r 1 = V 2 - 1 c • r 3 

rl=(V2-Ic-r,3)/rl 
[0 0 4 6 ] . (16) ^(O r 2 ^ (15) ^<D® 

r3={Ul-Ib-Ja (VI- 

9{r LX 1- 3;0^>jt^^<i:. ^C0i-3^(16)^ 
{I 7) ^{ZRPs,i-^ZtX\ r2iaJ:U^rl^ 

[0 0 4 7] i^JicOcfc e)(;iLT, j^THite-O-t'-iS^^V 

^ V o ^ (r ^^l^^m ^ ^- 1: r ^i^^cog-g- ^ 7 

>iJ7iiig:L. [U4 (rTT^^ix^O^I^I^Oflifl^^^col^St 
[UdTiH^^^i'^w^^J^'C-t^o frl^i^-l' ^$^>' 
m(cW'tEi-^m^. m'm^j:.<^rm^j:^o ^tz. mum 

'^iu.m^'^^'k'^'t ^ <^x\ WTmuitLW\(7:>. ^Lxmmc^ 
ti:bm^(Dmmi:iMJt^i^x'j^i5^)hixfzmm^^m^^&<^^^ 

me (a) {c^o<t^f4^f]^f^flii:^^2. 3, ACDrnmi-^m 

ft^fl: corns { ci^; c T . -^'J X. f^*mfe70- b e ^ -C' 01^(5^6^ 
10 0 4 8] ;^^JKiif?ij{c*3it^f«ifl;^^'J:^^®t^ 
[0 0 4 9 ] P(7)1lll^ratoft:j]iB;^5^^^iljf^^bi- 

■r^o ^mmmcom'^. m^i5':^^i:^. me (a) 

(c) (iTT^^nri^^ J: mcomWrmi^.^'^^ii 
[0 0 5 0] ^^(C. |S:^^n/::#{iffi[Hll?S{^-^4-:>-t^T, M 

A2. A3. A4. B, B2. ^mmmm^^Em 

mm(Dm,ma i i. a i 2, a i 3, 

jEPJ^fflCOlglla V 1 . av2. av3, <h CO^T' 

t z-::!. ^ mt; { ^ i^r^ i: T ijj ^s^SiR'J x-mti ^ iit/^ -e # ^ J: 9 



3) / 1 b (16) 

(1 7) 

^« , 

• I' 
V 2 ) } /' ( J a • I c + J b • I b ) 

I ' (18)" 

h(D}hm:iMm^'^^x^^$^^jc(Oy^y'-'i^3 

^31t>R L T mt^ ^ ye^^ -e # ^ J: 9 C: L T ^ V \ 
[0 0 5 1 ] /^*3. H i {C:T^$n6X^^C-T¥S7iv^p^ - 

?i^§;i:^.'^co^^milc-ArB^{::3iffiL7t»';. m<^lB-B 

3f^<75^i]^je^^mi^B 3-cFp^iijiiffli-^c 

rcOj: 9t3i-iX(^. mi^B4. C3. C4CD'-mm^ 

[0 0 5 2] ^mtmcDm^nmimmmn. m 9 iztt^ 

tL6J:9tC. — ^mry^fn^PffiCO^t^a i 1; a i 2, a 

i 3, ^m\^x^m^<r>i^\^{z—'^m^^^m^-t^ 

a V 2; a V 3. ^mi^xmi£^m\'^i-^m,E.m\m 

^mm 7 75s mwmm si)^h (Dm^^m^izmr^ # mm ^ ti 

9^C7:^oTV^:2)o m.&M'^mmi (D\^Mt^■ 

^:^,Ay'D^^^9 i.Zji-oXv'iy^ Mt-^^^'^^^nxM 

wmm:8{zAti^rL^. rcofs»3^M8(i. fltjteA/D 

m-f-^ {^m-^y^-^x^^^mmm^^n-i-^o^^^^mm 
(CPU) #5^T-'-^^iait-r^p'^y 

[0 0 5 3] ID 1 0 (—^m^jfLm^y^M 6 (7:'l¥?r€l[H]^ 
(^) J: 9{::. -Smwftlft^t^M 6 il. 

1 ^f±i;^r'5-/^»tiiHt5i 2 rogl^ti*i^i 2 7?>^ 

^^m^jftl i^r-^-^V:^-^ .yf-^J'Vu-y^AS l^Sctl/^- 

ail, ai2, ai3.- 
^^tc{itj;&^;?x^<t i: t^tC, ^mt^a i 1. a i 2, a 

i 3. , c i A^XV^T-r^Vy^^ y'T^'^.^—'y A 

S2^^ LTflflfSm^tStiSf 1 2 Iw A:t/ J: 9 

[0 0 5 4] m 1 1 {'m.\^m\m^m, i mtmM^ 

ID) (CTF^n-^J: 9{::. ttffi^l'JS^M: 7 (i. T':J-D>/y^ 
y^iJ'Vu— T'AS 3iRi]oomila V 1 , av2, av 
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(7)1®t^avl, av2. av3, c v 4 t(pW^ 

t§*i§t 1 3 £OA:^)ffitrL r d . re t^'}^m\Bl^(Dmiji r 

c z<7:>mmmm^l S(Dl^!>t)m.&it^■ 

[0 0 5 5] ^coj: 9/j:?fJ^feB^^i^rcof«i' 

^ >'t'-i$'^>'>'^^^i^)6o mi^A;7:i^6mt^C{C[^j^^oT 

[0 0 5 6] [H 1 0 {1^^^X6T-:^D ^'^-f 

^Vu— :5^A S 1 iT:)^^^ a i 1 (IrT^D •;/5^^V^— 
yAS20mt^a i 2c;:>#:^^ ::/f^^r^i:"C#f*iw— ^ 

-r-Y > t'— y>':7- z a 2 ^t#Oc 
( 0 0 5 7 ] l5tl^X. mt^a i 2 - a i 3 feKw— :^m77^ 

1 ^mx^xnM^ V 2 - a V 3rBi(cmn^maE$ri'j^L 

:|^c i 4-a i 1 m^(D—'^m.xM. I <r>^M{Z. ^ ^MM c 
v4-a V 1 rB^omffPJ^^T'^|i(I?SJ:T':hni/:?^^ 
OaS^^^^^^)'9#x.{::J: *:)tT^\ >- 1^— ^>':^ z a i z 
c 4 ^-C 'ar>jti^T-t<7)*£^^rg»i^g 8 f^co^ y (Cfe 

[0 0 5 8] ?i);i^r\ c 9 LT^i^Ttfi^^SJ^Tflifl:^^ 

E^^-f ^^t'--:^'^^^ zal'-zc4J:*:), (9) S^Cl 

j:oTSt^A-Br^^. m^^^B-cr^i. 'mMc-Am<D^ 

Z i 1 = r 1 -R a 
Z i 2=1- 2-Rb 
Zi3=r3-'Rc 

[0 0 6 2] 4) wcDmrn-oy^'—y'^y^t-Mmiti' 

-5. ^t'-^^^^ z a 1 - 2 c 4 ^ 

( 7 ) ^co z j (Zi-^A LT^cojf^T/lifl^'^T)/!;^ t 1 . t 

2, , 1 1 2^r^t^^o ^tz. itiH'n^mmmi^^ 

V>rfi. (19) ^(DZ i 1, Z i 2, Z i ST^^e^fl^Hlr 



Vt'-^'y^R 1 . R2, RS^i^isb. JEiC (10) 

>;^Ra; Rb. Rc^^if). ZtibR I . R2, R3 
(Dm^Xl/^a, Rb. R cO<ifi>tp«^i;iw|El&.$'^ 

[0 0 5 9] 2) f*:f^,mJit-r >t:'-^'>j>^^jRi65/::i^ 

(D^Ma i l^T-^D i^^'^-r :y^i/>'^ — TT'A S 2<7iffl;11 

z(Dmmmmmx\ r^n ^>'xV';/^^>'^-:/as 3 

(DM^a* V 1 (i:r-:?-D y=^^'}\-—-y^A S 4 00^® 

b V 1 (b^ilJRLrmt^A-BPalcomEE (VI) ^'^"J^ 
i" 5o' ^T / T ^ n ;^ ^ ^^>^'>'U— >^-A S 4 CDffife . 
COilt^^^b V 1 7!)^b c V 1 {C^JEUr^l^A- CFb'Jc?:)^ 

k ■(V2) ^sy:^i-5o m<^c-Brei(^mj!E(:io, 

^ett/cmEEVi ^V2.t(cJ:t^V2-vi^ 

[0 0 6 0*] i!):l^X% r-:^D iJ^'^^.-r i/^iJ^'yU— ^A S.l 
com^b i 1 i:T-:^D^:7.^ ^^ifiv—^AS 2o:>nM 
c i 1 ir^iMtRtrmt^B- crp^Cl — ^myift I ^^L. 

z,<DmM^imMx. r^u^'7.A y^if?v--:rA s 3 
comi^b V 1 tr-r^^^^ v^^fx^—'tfAs 4(r>nM 
b V 1 i:^iitRLxmt^B-cr0i<7:>i:iE (yio ^?iy:£ 

t (7)ilJ^^c V 1 Tif^ba V 1 (Z^1ELrmt^B-AfBl<?5m 
i£ (U2) ^'i'J^-f^o ^fc, m^A-CFp'^(^m/±i;lo 
i>-r(i. #ibixfcmEEU 1 <t U 2 <t U 2 -U 1 ^ 

[0 0 6 1] 3) W{hmm^ >'\^'-V>'y^^^i^^o m 
7^(DXoi^Lxmm^^rifz^'r-^f)^h. (1 2) 

(1 8) ^\zXoXr 1. r 2. r S^^isb^o -^t^. 
(^^m^^ ^t"— ^'>^^ Z i 1. Z i 2, Z i 3(11116 

(c) J: i^^^CS^T'i^i^JbiX^. 



(19) 

Miz^Lfzmr^<Dh^^^X'mmiti'-^(omT'^ ti\ m 1 
5o ^i^. -^^.^^mu1i^(r:>m1^mmt.±x^m\m-^ 

m(Or'—^^PKt}LX^—^^ y'^l 0^Jf-r/c(tT\ 

[0 0 6 3] (^3 mmm) mi s ( a ) ii. ^^m^ 



(9) 
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(b) f^. msmn&McommiBi^mx^h^o 

[0 0 6 4] ;$:|l*f!ii?iJ(:i4ot'^T(i> mi 3 (a) 
•fl^® 1 Ti^iE^n, fi^fi^f^fli^^^ 1 5. 16, 17. 18 

mcDW'f^M'imm is. i e . i ? , is co/n^^fico® 

[0 0 6 '5 1 m''i^mmmm^4m'^ir 

i-m^'^nwii'^t t hi:^. A-Bm, s-cm, c- 

i 1 =V l/R 1 
, i 2=V 2/R 2 

mvjftii I - ( i 1 + i 2) cb Lrjtt46bn^. ^/c. c 

<7)«i:i^--i5fLni2iA^/:im^ifL I - ( i l -f i 2) f^iC-^.-C-^ 
n-eiX^ffi-O't:'— :/>':^ r 2. r 3. r 4 (7):^f&]^m 
^jfcfiii 3. i 4. i 5 i:?:^oT5^^jfti-6c roo<^#. B 
i 1 + i 3 = V 2/R 2 
i 2 + i 4 = V 3/R 4 

[0 0 6 9 ] g6^(»ri-^ r 1. r 2. r 3. r 4 

^^isbhfzlif:>{:i. Zixh^^ ^^'—y^^ r 1, r2. 

ia = I- (il + i2) 
i b = i 3 

ic = I-(il + i2-i-i3+i 
i d = i 4 

/U— >^AOBIC:fcl>T ® r 1 • 
y'°OC B{^:^oV^r © r 3 • 
/U— yoCD{C*5V^T (3) I- 3 • 
/U— >^AOD{3iol^T ® r 1 • 
[0 0 7 0] tZ^X\ V 3 =V 1 + V 2 - V 4 /J^^i? 

rl. 1-2. r 4 ^ r 3 (Cct •9^i"C<i: (hi-'So 

r2=(r3-ic-V2)/ib 

® + (2) 

rl-ia + r.3-ic=Vl+V2 

© rl=(Vl+V2-r3-i 

r4 • i d=V-4-r 1 • i a=V4-Vl-V2 + r 

© 1-4= (V4-Vl-V2+r 

[0 0 7 1 ] r 3C0{ii:-^:*e6'5fci^>iC. SUD- 

j 1 =U 1/R4 
j 2=U4/R 3 



1. R2. R3. RA^mi^-r^o ^tL. |B]0$(1A, 

— ^>;^'Ra, Rb.Rc. R d t>*i'^;)^o 
[OO166] 7Xl:i. i^f^^mi5m-(>\::'-y>^T 1. 
1-2, r, 3, r 4(DlS^J[^TC0cl: e>(wLT5lta65o 

[0 0 6.7] mi 4 (a> dTT^n^J: 'Sii 

t^A-crsltC— ^m^ifLl ^^jfiL. ^^Oi: A-Bfp^, b' 

-Grei. D-cPei; A-Drpici^^i-^m/E^^'j^-.Lx 

'^n^'nvi. V2, V3, V AXh^tit-t^o A- 
BmoJCl/A-DrBlirwfttlSm^fL^^^X-t'K i 1, i 2 

(20) 

-crBi^^[;tx^mvjft{i i 1+ i 3. D-^cm^mx^m 

mt i .2+ i 4. r 3(Dijl^^mi^'i&ll^ilt 1 - ( i 1 
+ i 2 + i 3 + i 4) t^'^'Z.tt^Xt^. 
[0 0 6 8] m^B-Cm^ D-CPB^omJEV 2. V3 

I 

(2 1) 

r 3. 1- 4 ^^jfLn6lir??t^i:):5tT'7r:i-J: oh i a . i 
b. i c. i d<b®#. mi 4 (a) {Ztt ^ tU^inlS^^ 
1114 (b) (D^oizm^t^^^o 



4) 



(2 2) 



i a + r 2 i b=V 1 
ic-r2-ib=V2 
ic-r4-id=V3 

i a 4- r 4 • i d=V4 (2 3) 

(2 3) (9. 
r3 • i c-r4 • i d=Vl+V2-V4 

(24) 

I 

c) / i a (2 5) 

3 • i c 

3-ic)/id (26) 

iZTjk^ix^^^iz. ztih^Mmm<Dm.E.mi^m:^'^v 

1, U2. U3. VAXh^tL. R4. R3, rl." 
r '} 1. j 2, j 3, } 4t 
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j 1 + j 3 =U 2/R 1 

j 2.4- i 4 = U 3/R 2 = (U 1 +,U 2 -U4) /R 2 



(2 7) 



[0 0 7 2 ] 1*. , r 2, r 3. r 4 ' 

'dr«n-5®«^' j a , j b. j c. i d irfit. m 1 5 
(a) {CTT^^ix^bl^S'^!^ 1 5 (b) c7:>J: e^lc^^iti- 
1- 4 = (V 4 -V 1 -V 2 + r 3^ 
= (U 4 - r'3,- j c) / i Id 

1-3 = {U4-'id- (V4-V1-V2) 
j c i d ) 

t,fz. rZf^^t-^^^t. ^23), 5^. (24) (2 -51 

5) 5^(Zj:or-'r 1 . r 2~, "r 4 'b^^6:i'i:"/A'^'# 

[0 0 7 3 ] (^4^»^'j) inie^i. :^^m(Dm4m 
[0 0*7 4 ] T^^Sffi^iJTfi. ^Tfr^cii^S^e^^i- 

12, i 1 3 ^i-^ 25fc5S:;65fiSc;t)5!:Oo 
i 1 1 =V 1/R 1 ' 

i 1 6=V4/R 6 

■ i 1 5 =V 5/R 5 

S 1 4 = V e^R 4 ' ' ' 

i 1 2 = V 2/R 2 

j 13= (V 1 + V 2 - V 4 - V 5 - V 6) /R 3 



* r 4 j d + r 3 • j 

r 4= (U4- 
:i(D^t (2 6) ^0©J: . 
c) /i d 

(28) 



c =U4 

r 3 • j c) / j d 

I 



j d) X (i c 



:^A, B. C, D, 



i d + . 
(2 9) 



T-O t'— ^^>^R 1 , R2. R3, R4,''R5» R6 

[0 0 7 5] m:^. i^fs^i^m^m^ ^^^-^^^^ r i, 

1-2, r3, r4, r5, r6» r 7 t30<t^^J6^ fni^ 
B, C, f', E. D.^AZ^^±^-^m&^m\'^LX^H'^' 

1 . V2, V4, V5. V exh^fzt-t^o 

tp. i^^^^T-^ ^^^—y^^R I . R6, R5, R 
4", R.2, R 3lCjjft^6m7Jfc^_-^^X/5:n i. 1 1, i 1' 
6. i 1 5, i 1 4, i 



[0 0 7 6] 
r 3 . r 4 , 



J:oT. f^=f^-f >t:'-^'>;7. 1- 1 . r2. 2. i3. i4. 

r5. 1-6. I' 7 ^i^dX^M^M i I , i ^?^)?"e#5c 
il = I-(ill+}16) 
i 2 = i 1 1 — i 1 2 
i 5 = i 1 6 - i 1 5 
i 7 = i 1 5 - i 1 4 
i 6 = i 1 4 - i 13 
i3=I-(il2+il3) 
i 4 = i 1 + i 2 - i 3 
[0 0 7 7 ] Ml 6 (w^^n,^ Essoin 1 7 T5c 

(a) (DXoi^W:^^^Xm^^1jU^'ty^.^(DXo^ZiL 



i 5, 



(3 0) 

i 6, i 7(ift^(::T5}ta^^r 



(3 1) 



Q 
® 

(3) 
® 

[0 0 7 8 ] 5t/p5fi-eg: 

r 2 . 1- 4 , r 6 



i 1 • r 1 - i 2 - 

i 2 • r 2 + i 3 ' 

i 1 • 1- 1 + i 4 • 

i 5 • r 5 - i 7 • 

i 7 • r 7 + i 6 ■ 

V 7 (D^m^ 1-3, r 5 X^i" t 
® rl=(Vl-{-V2-i3' 



r 2 - V 1 = 0 
r 3 -V 2 = 0 
r4-i5-i-5-V4 = 0 
r 7 - V 5 = 0 
r 6 -V 6 = 0 

1- 1 , xtcoj; o{zfs:^. 



(3 2) 



3) / i 1 
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® 

(3) 
® 



r 2 = 

r 6 = 

r 7 = 

r 4 = 



6 



[0 0 7 9 ] 7X{:i. mi 7 (b) {CTT^^iX^Xoi^. ffi 
t^F--DrB^(CfI3i:;^# ^co— ^m?nL I ^?jftLfcet #^C•^■ 



(V 2 - i 3 • r 3) / i 2 

(V5+V6-i5;r5)/i 
(i5-r5-V5)/i7 

(i5-r5+i3-r3+V4-Vl-V2)/i4 

(3 3) 





j 1 ' 


r 


1 


j 


2 


r 


2 


-U 1 


= 0 




i 2 • 


r 


2 + 


j 


3 


r 


3 


-U 2 


= 0 i 


® 


j 1 • 


r 


1 + 


j 


4 


!• 


4 


- j 5 


• r 5 + U 4 


® 


j 5 ■ 


r 


5 - 


i 


7 


r 


7 


-U 5 


= 0 




j 7 • 


r 


7 + 


j 


6 


r 


6 


-U 6 


= 0 



[0 0 8 0] 



{3 4) 

r 1 = (U 1 H-U 2 - j 3 • r 3) / j 1 
(3 3) ^<D(Dt (3 5) xtJiO. 

r3={jl- (V1+V2) 
- i 1 • j 3) 



i 1 



r 6 = { j 6 • (V 5 + V 6) - i 
- i 6 • j 5) 



6 



(U 1,+ U 2) } / ( j 1 



(34) 
(3 5) 

• i 3 

(3 6) 



(U 5+U 6) ) / ( j 6 



[0 0 8 1 ] (3 6)^. (3 7)^^(3 3)^(75® 

--(Dir^fmi-^ r tX. r 1 . r-2 , r 4 , r 5 . r 7- 

i 1 • j 3 ^ j 1 ■ i 3 

i 5 • j 6 j 5 • i 6 

mx^^ mm{zm^U'^<^-( > t-— > :^ J: "9 ^ v ^ <i: 
Hi 7 (a) ^EI17 (b) t^i^t^^t. 
mi 7 (a) {Z^n^m^Mi l(D±^itr3(D:^^^^ 
dl 7 ib) {Z'J^ii^ } ICDi^^itr 3f)>hi^^m 

ZCDZtT^'h i IX i 3= j ly } 3i^m^:>Xf&iLL{Z 
< l^^^tt;'*>6c l^l-ti^s i 5// i 6 = j 5 / j 6 -bfe 

[0 0 8 2 ] (^5|litif?'J) mis (a) (i. 

m5^ffi^-j(o^ffiiH]£SiE)T'fe^o :^mmim'^. m^\*^m 

1 2^#JL-CM(::#i6**J;:>^i/^^flfi^ vt'— yv';^ 

[0 0 8 3] :4^ll^jtf'j-t: (^> ^Tf$^®M]gS^ 8 ^^^i" 
^m.'^^A, B. C, D. E. F, G, Hlcmffi^^OH® 

f$:^®JST'Ot:'-^^'>'^R 1 . R2, R3, R4. R 
5, R6, R7, RS^^B'J^i'^o 

[0 0 8 4] mz. m^p^^Bmm^>'^'-y>'^ r i . 

r2, r3, r4, rS. r6, r 7 , rS, r9. r 
10. r 1 1. r 1 2(Dm^7i^ib^fzi^{Z^ ®tl 

O 1 tCOI/^T ia + ib— ix— iy = 0 

ctoT. ® iy=ia+ib— ix 

O 2 dOl/^T i y+i z+i c— i d=0 



• i 5 
(37) 



H-A 
V 5, 



(3 8) 

C, C-D. D-E, E-F. F-G, G-H. 

r«^comiE^a>]SLT^^x^'nv 1 , V2. V4, 

V6. V7, VSXh^tzti'^o :z(Dt^.i 

>t:'— ^*>^-R 1 , R2, R3, R4, R5, R 
6 . R 7 , R 8 {Z^J^ih.^mmm'^. glf^mJEffiV l - V 

8 tf'i^m'^\^tzi^^m'<>\i—y>'^^MR i ~r 8 

ctoT^TF^^Pi:^^^. I^Cl. {«^P^-r Vfcr'-^'^^^'- 
^jftnjA tsM^n'JZ o I ^ r . -B^fJ ;t A ."^^ { w :fc I. ^ T A - B 

n^Atrm^ifL i a fm-^-a-C-^^c -^tz. B.^.Xit. A-B 

?7^niZitr«« i b tiK^T'fo^o iHll^d. r 3, r4, 

r 5 , r 6 . r 7 , r 8 d-^^X^'n^j^tniAtrmv^fc i c , 
id, ie, if, ig. ih h^X^X^^^o. ' 
[0 0 8 5] d'.iZ^ ^{Z\^^(D^^(D^ y>y^^r 
9, 1-10, rll, rl 2 ^^7^C?^^^^^^^{^0^/^rt#f^ 
i'^o wtL^^-r I/t'—i^^'v;^ r 9, rlO. rll. 
r 1 2^MiX^^^^(DW(^^^^^'^^ i X, i y. i 

z, \ u tW<o i^fz. \^^n\B\n(r>y—Y^^zx^ixo 
1, 02. 03, 04i:a<<!:^ # / — K^^itttiiAtf 



(12)' 
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ctoT, ® ,iz=i'd — i'y — ic=icl-(ia+ib— ix)— ic 

= i d— i a~i b i x^i c 
O 3 (COV ^T i u — i z — i e i f = 0 

ctoT. (3) iu=iz+ie + 'if = 'id— ip— ib+ix— ic 



+ ,i e + i j 

[0 0 8 6 ] i?''^^ r 1, r 2, r3, 

1-4. r5, 1-6, r 7, r 8.^»^n^ll^^t-Ol>T 

. yu— y^A-O 1 - B,IC:fel^T ' €)' 
/U~y^C~0 2 -D(X*Dl'^r (2) 
/U— yp-O 3 - E(C*dI/^T (3) 

>'U— ^H-d 4 -G{:::ioV^r ® 

[ 0 0 8 7 ] ^bd. 5^c7)|.^^^i^-^-=i-fc^(C. [11,18 
(b) {CTT^^ns J: e>(::mi^H-EPp1(ct>— ^m»ft I ^' 
»SL. #mt^!^FB'1!::^±i'^^/^^^i^■^'^'LU 1 , U2, . 

U8^L; r^^><>t'~y r-l , r 2. ••• 

yu— 1 -Btr:^V^r © 
/U— 7"C-0 2 -D{C*Dl>r (2) 
/u— :7'"F-o 3 -E(:::fci/^T ® 
:rH-0 4 -G{C:fc(.>T © 

[0 0 8 8] (4 0) 5<:':fci:t/ (4 1) ^J: l^^fi-T 



(3 9) 



1- 1 

r 3 

I 

r 5 

r 7 



i a - r 2 

i c 4-.r 4 

i e — ' r 6 

i g + r 8 



i b = V 1 

i d=V 3 

i f =V 5 

i h = V 7 



(4 0) 

r 8 {tm-X^^M.^L^ j a . j 'b 
e; j f , ^ht-r^t. r 



J c , 



r 2. 



, r 8 (CO 



r 1 

1- 4 

r 5 

1- 8 



i a + r 2 

j d - r 3 

j e + r 6 

j h - r 7 



j b = U 1- 

j c =U 3 

j f =U 5 

j g = U7 



(4 1) 



r 


1 = 


( j 


b 


• V 1 + 




b 


• lU 1 ) X ( i 


a ' 


j 


b -t- 1 


b • 


j a) 


1 r 


2 = 


(i 


a 


• U 1 - 


j 


a 


• VI) / (i 


a • 


j 


bH- i 


b • 


j a) 


r 


3 = 


( j 


d 


• V 3 - 


i 


d 


• U 3 ) / ( i 


d • 


j 


c + i 


c • 


j d) 


r 


4 = 


( j 


c 


• V 3 + 


i 


c 


- U 3) /' ( i 


d' ' 


j 


c + i 


c • 


j d) 


r 


5 = 


( j 


f 


• V 5 + 


i 


f 


• U5) ( i 


e ' 


3 


f + i 


f • 


i e) 


r 


6 = 


( j 


e 


• U 5 - 


j 


e 


• V 5) / ( i 


e • 


j 


f + 1 


f • 


j e) 


"r 


7 = 


( j 


h 


. V 7 - 


i 


h 


• U 7 ) ./ ( i 


h' • 


j 


g+ 1 


g • 


j h) 


r 


8 = 


( j 


g 


• V 7 + 


i 


g 


• U7) / (i 


h • 


j 


g+ i 


g • 


j h) 



(4 2) 

OZfi\. 0 3-0 4fBl(^m/5^^n^*;jxV9. 
VI l.V12^ (39) Stofemj: 

-o 2-0 3 - o 4<7:)[E}g§^z^^^.^-r^5^7i5/5fe^:) 



[0 0 8 9 ] HI 1 8 (a) (c^l^r. m^^i^^/^— 

y^'A-O 1 -0 4 -H(cai@i-'5<!:, A-Hf^(Dmmt 
V 8 T'fc ^) . A - O 1 f^(DW^\t r 1 , i a (DWOifi*'^^ 
^t^Si-^fzCOX-^^^) . 0 4 -HreltT^miE'b r 8, ih 

iy^^^t^s:ofz(oy^^^oo cto-c> o 1 -0 4 r^^(7:>m 

® 1- 9 • i x == V 9 

®i-10-iy=rlO-(ia + ib-ix)=VlO 

iz=rll- (id— ia— ib+ix— ic)=Vll 
iu=rl2 - (id— ia — ib+ix— icH-ie+if) 

= V12 (43) 

S^fc^iiffLTtd] 1 8 r 1 1, r 1 2 ^C^X^Mlli^i^^ZX^^tl } x 

z, ] ut-r^t. d'.^iMSL^) iLOo 



. 02- 
V 1 0, 



@i- 1 1 
® r 1 ,2 



[0 0 9 0] nm^:^. H-Afi[\Z\ 

(b) di^V^r t>. f^^-O-t-— y^;?!. r 9. r 1 0. 

j y = j X + j a — j b 

j 2 = j y — j c — j d = j x+j a — j b— j c — j d 
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